SUMMARY Mitral valve prolapse was sought clinically and with phonocardiography and M mode and sector echocardiography in 15 women aged 22-57 years with joint hypermobility syndrome. The type III:III + I collagen ratio was measured in skin biopsy specimens and was found to be raised in seven of 10 patients sampled. Thirteen patients had increased aortic wall compliance measured by the continuous wave Doppler ultrasound technique. Ten (67%) patients had mitral valve prolapse shown by auscultatory signs or echocardiography or both-a prevalence at least three times greater than that in the general adult population.
The primary mitral valve prolapse syndrome is one of the commonest cardiac abnormalities, being present in 4-21% of the adult population.' 2 Most of those affected are symptom free and have a good prognosis,3 but sudden death,45 infective endocarditis,6 spontaneous chordal rupture, and progressive mitral regurgitation7 are rare complications and make this an important condition to recognise. The subject has been well reviewed. The synonymous term, floppy mitral valve syndrome, emphasises the well established structural abnormality of the valve leaflets, although the molecular basis for this defect remains unclear. The main structural abnormality of the valve leaflets in primary mitral valve prolapse consists of myxomatous degeneration and disruption of the pars fibrosa and there is dilatation of the mitral annulus. 2 The association of mitral valve prolapse with certain inherited diseases (secondary mitral valve prolapse) including the Marfan syndrome,'3 the Ehlers-Danlos syndrome,'4 and osteogenesis imperfecta,'5 lends support to the hypothesis that mitral valve prolapse may be due to abnormalities in the Requests for reprints to Dr Clive E Handler, Department of Cardiology, Guy's Hospital, London SEI 9RT.
Accepted for publication 22 July 1985 production or structure of collagen. Such changes have been shown to occur in these conditions. '6 The hypermobility syndrome is a sex influenced usually dominantly inherited disorder of collagen production characterised by non-inflammatory joint pain associated with generalised joint laxity.17
Mitral valve prolapse is present in about a third of cases,' 819 providing further evidence that a systemic abnormality of collagen may be associated with mitral valve prolapse. There is, at present, little information on this connection. One study of the family of a patient with type IV Ehlers-Danlos syndrome has shown a consistent association of mitral valve prolapse and abnormally low type III collagen production.20 A more recent study, however, has shown an increased proportion of type III collagen in floppy mitral valve tissue compared with normal controls.21
The purpose of this study, therefore, was to assess the frequency of mitral valve prolapse among a group of patients who had evidence of a generalised connective tissue disorder and examine the link with the ratio of III:III + I collagen types in skin biopsy specimens.
Patients and methods
Fifteen patients ( The characteristic pulse wave velocity is dependent on the blood density and the elastic modulus of volume distensibility of the artery wall per unit length. 24 The variability and reproducibility of this method have been studied in 900 normal volunteers.25 Normal values for aortic compliance are low in the neonate, rise gradually to a peak at 10 years of age, and then fall gradually to adult levels. These studies have shown that the maximum standard deviation from the mean in each cohort is 10% and that there is no appreciable variation in aortic compliance with blood pressure changes within physiological limits.25 The normal range is taken as 100 (2 SD) (that is 80-120%) (Fig. 1 ). 103 - existing mitral valve prolapse.20 They found a lower type III collagen production in those patients with mitral valve prolapse than in family members who did not have mitral valve prolapse. An increased prevalence of mitral valve prolapse has been found in patients with osteogenesis imperfecta,'5 where collagen type I is abnormal. These reports and our own data strongly suggest heterogenous abnormalities of collagen biosynthesis in patients with mitral valve prolapse.
SKIN COLLAGEN RATIOS
Skin collagen ratios were measured in only 10 of our 15 patients. When we were establishing the microassay used in this study, the collagen extracts from four age matched controls and patients 4, 8, 10, 11, and 12 were run on a gel and the results were technically unsatisfactory. This is a clear disadvantage of working with small samples as there may not be enough collagen peptides to repeat a run. These five patients could not undergo repeat biopsy because they had been entered into a drug trial which affected their skin collagen ratios. In a previous study, however, the ratio of collagen types III:III + I in abdominal skin from normal donors ranging in age from 3 months to 92 years was shown to be 18-21 % Handler, Child, Light, Dorrance for young and middle aged donors.32 In older donors the relative amount of type III collagen was increased to varying degrees (24-28%). In the present study six patients had increased ratios of type III:III + I (28-40%) compared with four normal age and sex matched controls in whom values ranged from 24% to 26%. In two patients aged 53 years these ratios were above 30% and in one (aged 57) it was 46%. These values reflect extreme abnormalities in collagen metabolism in the skin.
All of our patients were selected because they had joint hypermobility, which mainly affects females. Certain electrocardiographic abnormalities, including non-specific T wave changes, are well recognised in patients with mitral valve prolapse.1039 All three patients with abnormal electrocardiograms in this study had mitral valve prolapse.
Sudden unexpected death is a rare but recognised complication of secondary mitral valve prolapse. Recently, Pocock et al reported a young patient with mitral valve prolapse who died suddenly.40 They suggested that she had ventricular fibrillation which was probably related to multifocal premature ventricular contractions. They have assembled sixteen other cases of sudden death in patients with mitral valve prolapse, and although they emphasise that the frequency of sudden death is low, they stress the importance of identifying the small group of patients at higher risk and of managing them appropriately.
Because the risks of sudden death and other complications, including those requiring valve replacement, appear small, physicians usually reassure most patients who have only echocardiographic evidence of mitral valve prolapse but may keep them under periodic review. Antibiotic prophylaxis against infective endocarditis is, at present, usually recommended only for those patients who have systolic murmurs,4' but this approach is not universal. The results from this study suggest that all patients with hypermobility syndrome and signs of generalised connective tissue deficiency should have careful clinical asessment with echocardiography because the frequency of mitral valve prolapse is likely to be high (Fig. 4) . Antibiotic prophylaxis should be seriously considered in patients shown to have mitral valve prolapse, since endocarditis can develop (albeit rarely) in patients who have clicks and no murmurs.41 42 It is not yet known whether those patients in whom complications develop are more likely to have a generalised connective tissue disorder and a more severely abnormal mitral valve structure or both than those with a good prognosis. 507 The results of our study suggest a link between secondary mitral valve prolapse and abnormal skin collagen. It would be of interest and possible clinical importance to assess collagen characteristics in mitral valve tissue from patients with hypermobility syndromes and also to assess collagen characteristics in skin and, whenever possible, mitral valve tissue from patients with primary mitral valve prolapse. If there is a common abnormality of collagen in the skin and mitral valve tissue, then it is possible that this could be of relevance in those patients who develop progressive mitral regurgitation or abrupt severe mitral regurgitation due to chordal rupture. 
